To improve the accuracy of analog circuit fault diagnosis, the method of combination wavelet transform and improved fuzzy support vector machine(FSVM) is presented in this paper based on the characteristics of wavelet transform and FSVM. The optimum eigenvector is proposed based on extracting wavelet power spectrum of the signal of analog circuit, whilst the membership function of FSVM is improved. Then the proposed approach is applied to diagnose the analog circuit fault, the experimental results show that the diagnosis accuracy of analog circuit fault is improved by proposed algorithm, and the algorithm is a feasible method for analog circuit fault.
Introduction
The complexity of electronic devices is increasing with the rapid development of modern electronic technology, how to identify the faulty electronic components from large-scale integrated circuits has became a problem that urgently need to address in practical [1] . Support vector machine(SVM) is proposed in the 1990s by Vapnik [2, 3] , and it is based on the basis of the statistical learning theory, and it is widely used in pattern recognition and fault classification. However, the classification surface of SVM is not the optimum one, in order to reduce the effect of noise sample, the fuzzy support vector machine(FSVM) is proposed in literature [4] , then it is studied by many scholars. Wavelet transform is a new time-frequency analysis method developed in recent years, and has the characteristics of multi-resolution analysis.
In order to improve the accuracy of the analog circuit fault diagnosis, the method of combination wavelet transform and improved FSVM is presented. The optimum eigenvector is proposed based on extracting wavelet power spectrum of the analog circuit signal, then the membership function of FSVM is improved to reduce influence of noise sample on diagnosis accuracy. The continuous wavelet transform of a limited energy function
is defined as follows:
where s is the scale factor, and The wavelet inverse transform is defined as follows:
We can know by the principle of multi-resolution analysis that the hypostasis of wavelet transform is decomposing the signal into approximation signal and high frequency detail signal.
Feature vector extraction
We can know from the principle of wavelet transform that the signal will be decomposed into different frequency bands, the energy of k frequency band and j layer reconstructed signal is defined as follows:
where jk E is the energy of the reconstructed signal; N is the length of the signal; j is the number of wavelet decomposition layer;
 is the serial number of frequency bands; km x is the amplitude of the reconstructed signal at jk S .
The total energy of the signal is equal to the sum of sub-band energy, namely,
There is great different between the sub-band energy, in order to extract feature vector, the wavelet energy spectrum of the signal is normalized, the normalized energy spectrum is defined as
Feature vector extraction is the key point of fault diagnosis, however, there is redundancy information in the normalized energy spectrum [5] , so separability theorem is presented to reduce the influence of redundancy information.
The hypostasis of separability theorem is switching the original high-dimensional space u is the mean value of each class sample; u is the mean value of all sample; b S , w S are the matrix of class dispersion and within-class dispersion respectively. Then we can obtain the following equations
where i P is the priori probability of i class, it can be obtain by training samples, namely:
n is the number of sample of i class; n is the number of overall sample.
The criterion function is defined as
W S W are the matrix of class dispersion and within-class dispersion respectively. Then we can obtain the equation:
In order to obtain the matrix W that maximize
J W is calculated, and make the partial derivative equal to zero, as
Form formula (9) we can obtain:
Then the formula (11) can be obtained
where  the intrinsic value matrix of   is relaxation factor. Then the problem of solving optimal classification hyperplane is transformed into solving the following minimum quadratic programming problems,
experimental validation
The hypostasis of analog circuit fault diagnosis is pattern recognition which is about to classify the various failure modes and find the fault element. In order to validate the performance of the proposed approach, CTSV filter circuit is presented in this paper(as shown in Figure 1 ).
Where 1 The four fault mode of the analog circuit was simulated by experiment, and there are 100 groups samples in each fault mode sample set, 80 groups samples of each fault mode are training samples and the other 20 groups samples of each fault mode are testing samples. In order to validate the performance of the proposed approach, the improved FSVM and the traditional SVM with optimum eigenvector as their input eigenvectors is introduced to diagnose the analog circuit fault, the results as shown in Table 1 . We can know that the improved FSVM can improve the classification accuracy of analog circuit fault effectively. This because the membership is obtained according to the contribution of each sample for classification, as the contribution of noise sample for classification is feeblish, so the membership of it is small, and the accuracy of fault diagnosis can be improved effectively.
Conclusion
To improve the accuracy of analog circuit fault diagnosis, the method of combination wavelet transform and improved FSVM is presented. Firstly, the optimum eigenvector is proposed from wavelet power spectrum of the signal of analog circuit based on the principle of separability. Then the k-nearest neighbor dispersion function is proposed based on the traditional membership function, and the membership function of FSVM is improved, the proposed membership function can reduce influence of noise sample on diagnosis accuracy effectively. The proposed approach is applied to diagnose the analog circuit fault, the experimental results show that the accuracy of analog circuit fault is improved, and the algorithm is a feasible method for analog circuit fault diagnosis.
